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Abstract
Aim: The aim was to study the seroconversion and development of egg yolk immunoglobulins in adult laying White 
Leghorn hens immunized against an isolate of enterotoxigenic Escherichia coli (ETEC) bearing K91 and K88ac antigens, 
obtained from diarrheic piglet.
Materials and Methods: Adult laying White Leghorn hens were immunized with inactivated enterotoxic E. coli strain 
isolated originally from a case of piglet diarrhea following recommended schedule. The development of whole antibodies 
and isotype-specific antibodies in serum and egg yolk were measured using indirect enzyme-linked immunosorbent assay 
(ELISA). Piglets suffering from diarrhea with fecal samples positive for ETEC were fed with egg yolk and compared with 
diarrheic control group.
Results: The serum and egg yolk ELISA antibody titer against E. coli strain used in the present study was as high 
as 2666.66±307.92 and 933.33±203.67 respectively on 50 day-post-vaccination (DPV). The immunoglobulin Y (IgY) 
was the predominant isotype in serum and egg yolk, which reached the peak titer of 2200±519.61 in serum on 40 DPV 
and 800±244.94 in egg yolk on 50 DPV. IgM titer in serum and egg yolk was found to be meager, and no IgA could 
be detected. Diarrheic piglets fed with the egg yolk suspension from immunized hens showed a promising result in 
controlling diarrhea.
Conclusion: Egg yolk antibodies are considered a suitable immunotherapeutic alternative to conventional antibiotic therapy. 
High titer of egg yolk antibodies raised in the immunized hen against an isolate of ETEC holds the potential to be used for 
passive protection of diarrheic piglets during their most susceptible period of infection.
Keywords: egg yolk antibodies, enterotoxigenic Escherichia coli, immunization.
Introduction
Enteric infection in newborn farm animals causes 
significant economic loss to the milk and meat indus-
try. During the first few days of life, piglets are sus-
ceptible to a wide variety of enteric infection among 
which enterotoxigenic Escherichia coli (ETEC), 
either alone or in combination with other enteric 
pathogens, causes significantly high morbidity and 
mortality [1,2]. Treatment with antibiotic and passive 
protection with homologous (e.g., colostrum of dam 
immunized against specific agents) and heterologous 
antibodies (e.g., egg yolk, colostrum of other species 
etc.) are the common approaches followed to protect 
the newborn. Although antibiotic is frequently used 
to control such infections, development of bacterial 
resistance, presence of drug residues in end product 
etc., [3] limits their use. Active immunization, on the 
other hand, cannot induce instant protective immu-
nity during the most vulnerable period of infection 
in neonates. Colostum of immunized dam, although 
give protection, has to be planned well in advance 
and should cover immunizing the entire herd.
Heterologous antibodies from immunized 
animals involve various constraints, including cost of 
production, quantum produced and even the animal 
ethical concerns. However, for passive protection 
approach heterologous antibodies raised against dif-
ferent pathogens in egg yolk or cow colostrum etc., 
have been explored in various studies [4-9]. Egg yolk 
antibody (immunoglobulin Y [IgY]) is easier to raise, 
economical, and also it addresses the most criticized 
ethical concern of animal use. IgY, the mammalian 
equivalent of IgG, is concentrated in the egg yolk 
up to 25 mg/ml [10]. Antibodies developed against 
several microorganisms in the egg yolk of hens has 
been proved to be a suitable alternative in terms of 
reducing and refining animals use when compared 
to raising immunoglobulin in other mammals for 
immunodiagnostic as well as immunotherapeutic 
purposes [11].
Hence, in this study, the reflection of immuni-
zation of laying hens in egg yolk was explored along 
with the possibilities of using egg yolk of immunized 
hen to control diarrhea in ETEC infected piglets.
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Materials and Methods
Ethical approval
The animals used for raising antibody and pro-
tection study was approved by Institutional Animal 
Ethics Committee and maintained as per the guide-
lines of the committee for the purpose of control and 
supervision of experiments on animals.
Materials studied
The study materials consisted of serum and egg 
yolk samples of immunized hens against an isolate 
of ETEC bearing K91 and K88ac antigens, obtained 
from diarrheic piglet and fecal sample/swab from the 
piglets fed with the egg yolk in the protection study.
Study area
This study was conducted in adult laying White 
Leghorn hens raised in the Instructional Poultry Farm, 
College of Veterinary Science, Khanapara, Assam 
and the protection study was conducted in neonatal 
piglets maintained in clean air station at Department 
of Microbiology, College of Veterinary Science, 
Khanapara, Assam.
Study methods
ETEC originally isolated from a piglet with 
diarrhea in Department of Microbiology, College of 
Veterinary Science, Khanapara, Guwahati, Assam, 
was used. The E. coli isolate was identified as O-149 
serotype and contained labile toxin, stable toxin 
a (STa) and STb enterotoxins. The strain is charac-
terized as bearer of K91 and K88ac antigens using 
specific monoclonal antibodies by enzyme-linked 
immunosorbent assay (ELISA).
Adult laying White Leghorn hens (12 Nos.) from 
the Instructional Poultry Farm, College of Veterinary 
Science, Khanapara were immunized with ETEC. The 
organism was grown in minca broth (Difco) at 37°C 
with shaking for 24 h; 2×1010 CFU of the organisms 
was suspended in 1 ml phosphate-buffered saline 
(PBS) (pH 7.4), inactivated with 0.4% (v/v) formal-
dehyde at 4°C for 24 h and precipitated by 10% (w/v) 
solution of aluminum potassium sulfate and 7.4% 
(w/v) solution of potassium hydroxide. Inactivated 
bacterial suspension (0.5 ml) was emulsified in equal 
volume of Freund’s adjuvant (Sigma Chemical Co.) 
and three divided parts injected intramuscularly into 
upper thighs and breast muscle. Subsequently, 1 ml 
booster injections of inactivated ETEC emulsified in 
Montanide ISA 25 adjuvant (Seppic 75, Quai-d’orsay, 
Paris) were given in the same manner, 3 times at 
10-days interval. The blood samples and the eggs were 
collected from six of the vaccinated birds on 1st day 
of immunization and at every 10-day interval up to 
50 days of post-immunization. Sera samples and egg 
yolks were preserved at −20°C. For passive immuni-
zation of the newborn piglets, the eggs were collected 
daily from the immunized hens after 10 days of the 
last injection.
Nunc polystyrene plates were coated overnight 
with sonicated cultures of ETEC (1:100) suspended 
in 0.05 M carbonate-bicarbonate buffer (pH 9.6) at 
4°C. Aliquots of 50 μl were used throughout. After 
thorough washing with PBS-Tween, the wells were 
blocked with 3% bovine serum albumin (BSA, 
Sigma Chemical Co.). Serial two-fold dilution of 
the samples (serum or egg yolks) was made start-
ing from 1:100 in antigen coated duplicate plates 
and incubated. Plates were washed again. For the 
detection of antibody against ETEC bacteria, rabbit 
anti-chicken peroxidase conjugate (1:3000; Sigma 
Chemical Co.) was added in one plate. In a dupli-
cate plate, to detect isotype specific anti-ETEC anti-
bodies, anti-chicken IgA (1:4000), IgM (1:2000) 
and IgG (1:1000) of Serotec Laboratory Service, 
were added. After thorough washing, peroxidase 
labeled rabbit anti-goat or goat anti-rabbit conjugate 
(1:3000; Sigma Chemical Co.) was added in dupli-
cate plate. The incubations and washing steps were 
repeated, and amount of bound conjugate was visual-
ized by use of OPD (Sigma Chemical Co.) and H2O2. 
The color reaction was stopped after 15 min incu-
bation and read the plates by ELISA reader (MRX, 
Dynatech) at 490 nm. Each test was accompanied by 
ETEC bacterial suspension (1:100) as positive anti-
gen, minca broth as negative antigen, serum and egg 
yolk controls. Incubation was done at 37°C for 1 h. 
Corrected OD (mean OD of test sample-mean OD of 
negative control) value at highest dilution of the test 
sample ≥ 0.1 was considered as titer of antibodies in 
serum or egg yolk.
Protection study
Piglets (n=15) in the age group of 0-10 days, suf-
fering from clinical diarrhea and the fecal samples pos-
itive for ETEC antigen (as detected by ELISA) were 
selected for the protection study. Egg yolks separated 
from the whites were pooled together and mixed with 
an equal volume of 0.05 M carbonate bi-carbonate 
buffer (pH 9.6). The piglets were divided into two 
groups. Group A (n=10) was fed with 15 ml egg yolk 
mixture (approximately one egg yolk volume) daily 
for 5 days. The control Group B (n=5) was maintained 
without egg yolk. The piglets were kept in a clean 
air station and provided sterilized milk replacer and 
oral rehydration solution throughout the experiment 
period. The clinical score and diarrheic score was 
recorded before and after the initiation of protection 
study.
The clinical and fecal scores were recorded 
according to Lanza et al.  [12]. The clinical scores 
ranged from 0 to 3 and based on the rise of body temp 
and loss of body weight per week. The fecal scores 
were fixed between 0 and 3 and on the basis of fecal 
consistency and excretion of ETEC. Rectal swabs 
were collected daily up to 7 days post-exposure, and 
E. coli was isolated on eosin methylene blue agar 
as well as on blood agar. Typical randomly selected 
colonies per plate were identified by ELISA for K88ac 
bearing ETEC organisms.Available at www.veterinaryworld.org/Vol.7/September-2014/23.pdf
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Results
Boosters given at 10 days intervals for 3 occasions 
raised the antibody level gradually up to the last day 
(50th day) of our study period, i.e. 20th day after the last 
booster. Antibody to ETEC was detected in the serum 
of immunized hen at 10 day of the first immunization 
(100±0.00) (Table-1). The antibody titers reached peak 
at 50 day-post-vaccination (DPV), and the mean titer 
was 2666.66±307.92. The IgY was the predominant iso-
type in the serum of the vaccinated birds and persisted 
at a high concentration up to 40 DPV (2200±519.61) 
and declined slightly to 1900±653.83 on 50 DPV. The 
IgM was developed at a low level (133.33±27.21) and 
maintained the same level up to 50 DPV. However, 
ETEC-specific IgA immunoglobulin could not be 
detected. Antibodies against ETEC bacteria devel-
oped in the serum have reflected in the egg yolk of the 
immunized hen (Table-2). The antibody on egg yolk 
appeared at 20 DPV (166.66±19.24) and increased 
gradually (300±40.82 on 30 DPV, 533.33±76.98 on 
40 DPV) up to 50 DPV (933.33±203.67). The most 
common isotype in the yolk of the vaccinated hen 
was IgY and it persisted at a high concentration up 
to 50 DPV (125±41.45, 250±43.30, 450±108.97 and 
800±244.94 on 20, 30, 40 and 50 DPV respectively). 
ETEC specific IgM was present at low concentration 
(133.33±27.21, 150±25.00 and 125±21.65 on 30, 40 
and 50 DPV, respectively). However, IgA could not 
be detected in yolk.
Result of protection study
The piglets fed with immune egg yolk (Group A) 
survived the study period with 100% clinical recov-
ery from diarrhea within a short duration of 24-48 h 
(Table-3). Piglets receiving immune egg yolk had 
gained more weight. All the control piglets (Group B) 
succumbed after 2-4 days of illness. The mean clinical 
and fecal score differed significantly (p<0.05) between 
Group A and Group B. The ETEC was detected from 
the rectal swabs of all piglets at the beginning of the 
study and up to 24 h. The mean viable colonies of 
ETEC were more in control piglets (Group B). The 
ETEC were excreted persistently in Group B piglets 
until they succumbed on day 4-5. In piglets fed with 
immune egg yolks (Group A), the excretion of ETEC 
bacteria was ceased after 4 days postinfection.
Discussion
The egg yolks of the hens are a rich source 
of immunoglobulins [11]. The serum antibod-
ies developed in the vaccinated hens are actively 
transported to egg yolk and remained there in high 
titers [13]. The development of antibodies in immu-
nized hens and their subsequent transfer to the egg 
yolk depends on several factors namely immunization 
schedule, route of application, adjuvant used, anti-
gen dose, and the animal factors such as breed, age, 
keeping condition of chicken, etc. [14]. In the pres-
ent study, repeated immunization of laying hens with 
adjuvant ETEC vaccine efficiently elevates serum 
antibody titers and high antibody concentration per-
sisted even after 20 days of last vaccination. Our 
study showed a gradual increase of antibody titer up 
to 50th DPV. Though the present study clearly showed 
that the antibodies developed in the serum is mirrored 
in the yolk, it is still in contrary to the findings of other 
workers that all the antibodies in serum gets trans-
ferred to the yolk [15], or the titer in the yolk is up to 
Table-1: Whole antibody titres and isotype-specific antibody titres against K88ac ETEC in serum of immunized hens as 
determined by indirect ELISA.
Day of 
collection
Mean (±SE) titre of 
whole antibody (n=6)
Mean (±) SE titre of isotype specific antibodies
IgA (n=4) IgM (n=4) IgG (n=4)
0- - - -
10 - - - 100.00 (±0.00)
20 216.66 (±36.64) - 133.33 (±27.21) 300.00 (±50.00)
30 500.00 (±91.28) - 125.00 (±21.65) 850.00 (±248.74)
40 1733.33 (±293.13) - 133.33 (±27.21) 2200.00 (±519.61)
50 2666.66 (±307.92) - 125.00 (±21.65) 1900.00 (±653.83)
Antibody titres in the serum of un-vaccinated control birds were <100, n=Number of birds, -=Titres <100. 
ETEC=Enterotoxigenic Escherichia coli, ELISA=Enzyme-linked immunosorbent assay, SE=Standard error
Table-2: Whole antibody tittres and isotype-specific antibody tittres against K88ac ETEC in egg yolk of immunized hens 
as determined by indirect ELISA.
Day of 
collection
Mean (±SE) titre of 
whole antibody (n=6)
Mean (±SE) titre of isotype specific antibodies
IgA (n=4) IgM (n=4) IgG (n=4)
0- - -
10 - - -
20 166.66 (±19.24) - - 125.00 (±41.45)
30 300.00 (±40.82) - 133.33 (±27.21) 250.00 (±43.30)
40 533.33 (±76.98) - 150.00 (±25.00) 450.00 (±108.97)
50 933.33 (±203.67) - 125.00 (±21.65) 800.00 (±244.94)
Antibody titres in the egg yolk of un-vaccinated control hens were <100, n=Number of birds, -=Titres <100, SE=Standard 
error, Ig=Immunoglobulin, ETEC=Enterotoxigenic Escherichia coli, ELISA=Enzyme-linked immunosorbent assayAvailable at www.veterinaryworld.org/Vol.7/September-2014/23.pdf
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1.23 times higher than the serum antibody titer [16]. 
The ETEC specific IgY was predominantly present in 
the serum and egg yolk. The absence of IgA isotype 
in the serum and egg yolk suggests that the parenteral 
immunization do not evoke gut-associated lymphoid 
tissues to secrete IgA immunoglobulins.
The piglets fed continuously for 5 days with egg 
yolks from the immunized hens were protected against 
ETEC diarrhea. The protection was attributable to 
high titer of ETEC specific IgY isotype in this study. 
These egg yolk antibodies either inhibited or agglu-
tinated the whole E. coli and thus flushed away due 
to the peristaltic movement. The present observations 
supported the findings of other workers, who reported 
that the piglets fed with high titer of IgY antibodies 
derived from hen egg could protect against ETEC 
infection [4], and those fed with high titre of IgG anti-
bodies derived from cattle colostrum could protect 
against TGEV infection [7,8] and ETEC infection [9]. 
Use of IgY in purified form or as whole egg yolk is 
promising in immunotherapy. The immune protection 
capabilities of egg yolk antibodies raised against vari-
ous organisms or their components have been studied 
extensively in various animal models, but with vari-
able protection level. Egg yolk immunoglobulins have 
been used to prevent other enteric infections such as 
Vibrio infection in shrimp [17]; rotavirus infection in 
newborn calves [6] and mice [18]; corona virus infec-
tion in calves [19] and a wide range of other enteric 
pathogens such as Salmonella pullorum, Clostridium 
perfringens, Campylobacter jejuni and E. coli infec-
tion in poultry [5].
However, there are also limitations in the use of 
egg yolk antibodies. The stability of IgY in low pH of 
gastric environment, molecular characteristics of IgY 
for proteolytic cleavage during the passage through 
stomach and intestine, heat stability for production of 
egg powder etc. need special considerations, which 
make the IgY more susceptible for degradation when 
compared to its mammalian counterpart, IgG [14]. It 
is assumed that some of the immunoglobulins may get 
inactivated due to various factors as discussed above.
In the case of whole egg yolk feeding, it is not 
the egg yolk antibody alone, that imparts protective 
effects, but also other components of the egg yolk, 
which might confer additional protective effect. 
Egg yolk might coat the intestinal mucosa and pre-
vents adhesion of organisms on the enterocytes. The 
anti-adhesive effect of some of the components of egg 
yolk and its derivatives namely sialyloligosaccharide, 
asialo-yolk derived sialyloligosaccharides, and sialyl-
glycopeptide have been suggested [20]. Hence, feed-
ing immunized hens’ whole egg yolk also holds prom-
ise because of these additional factors present in the 
yolk. Such non-specific protection of the egg yolk has 
been demonstrated against ETEC in rabbit [21].
Conclusion
Serological studies revealed that the development 
of ETEC specific antibodies in serum of immunized 
hen is mirrored in the egg yolk. IgY, the mammalian 
equivalent of IgG immunoglobulin, is the predomi-
nant isotype in serum and egg yolk. The whole egg 
yolk from the immunized hens could protect ETEC 
positive diarrheic piglets from clinical diarrhea.
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